Introduction

60
Sickle cell trait (SCT; i.e., the heterozygous form of sickle cell anemia) is common in people 61 of African origin and is generally considered as a benign condition. However, 62 epidemiological data from the US Army demonstrated that exercise-related sudden death was 63 30 times more common in black recruits with SCT than in black recruits without SCT (29, 64 35). Since then, the benign nature of SCT during exercise has been questioned (7, 17, 36) and 65 recent case studies of exercise-related sudden death (2, 37) or medical complications (31) 66 have revived the debate.
67
Several mechanisms have been proposed to explain these adverse events. Notably, many 68 authors suggested that hemorheological abnormalities (19, 40, 48) and inflammation-vascular 69 adhesion mechanisms (41, 42, 47 ) might be involved in microcirculatory alterations leading to 70 sickle cell anemia-like vaso-occlusive crisis. The hyperthermia and dehydration induced by 71 physical exercise are thought to play a role in the occurrence of exercise-related sudden death 72 in this population (29, 35) . Accordingly, it has been recommended that SCT carriers should 73 re-hydrate adequately during exercise (2, 20, 31, 34, 35) to reduce the risk for adverse events 74 potentially related to the red blood cell sickling process observed by Bergeron et al (8) .
75
However, the effects of hydration/dehydration on whole blood rheology have never been 76 investigated. In the study of Bergeron et al (8) , the percentage of venous sickled red blood 
Protocol
100
The subjects were informed of the procedures and purposes of the study, which was approved 101 by the National Ethics Committee of Senegal, and gave written informed consent to 102 participate. The protocol was in accordance with the guidelines set by the Declaration of 103 Helsinki.
104
On the first experimental day, each subject performed a progressive and maximal exercise test 105 on a mechanically braked ergometer (Monark 824E, Stockholm, Sweden). The test began 106 with a 5-min warm-up at 30 W. Explicit standardized instructions were given before each test.
107
Pedaling speed remained constant (70 rpm) throughout the test, and a 30-W load was 108 increased stepwise every minute until exhaustion (peak power output; Ppeak). Heart rate (HR) 109 was measured continuously (S810, Polar Electo Oy, Kempele, Finland) and maximal HR was 110 noted.
111
Two weeks later, the same subjects participated in two randomized sessions (3-5 days apart),
112
consisting of pedaling for 40 min at 55% Ppeak (i.e., prolonged submaximal exercise).
113
Subjects did not perform any other exercise for two days before each session. In one session, 114 subjects could not drink water (DEHYD) whereas in the other they could drink water ad 115 libitum (HYD) during exercise performance. 
149
In addition, the index of red blood cell rigidity from Dintenfass (25) with η r corresponding to the relative blood viscosity; i.e., the ratio ηb/ηp. between the two groups and was 2.0 ± 0.2% and 1.5 ± 0.3% in the CONT and SCT groups, respectively. The volume of water ingested during the 40-min exercise period conducted in
179
HYD condition did not differ between the two groups and was 604 ± 125 ml and 700 ± 73 ml 180 in the CONT and SCT groups, respectively. HR and rectal temperature increased above 181 baseline in the two groups and in the two conditions ( for ηp in the CONT group during the DEHYD condition was not statistically significant.
188
Resting ηb was higher in the SCT group than in the CONT group in the two conditions conditions. In addition, the exercise intensity was exactly the same for each subject in the two 228 conditions. Although the pre-exercise body weight difference between the HYD and DEHYD
229
conditions was less than 1% in both groups, the pre-exercise hydration level of the subjects 230 was not evaluated (i.e., plasma osmolality or urine specific gravity) as recommended (38, 39)
231
and this is clearly a shortcoming of the study. 
Blood rheology in response to exercise in CONT group
257
The increase of ηb in the CONT group during the cycling exercise conducted in both 258 conditions is a classical finding (10, 14, 23, 26) and is related to the changes in ηp. Although 
299
Of greater importance, when ad libitum hydration was offered to the SCT carriers, their ηb 300 decreased during recovery and reached the very low values found in the CONT group. Similar 301 to the findings in subjects with no hemoglobinopathy, the Hct of the SCT carriers was 302 unchanged by exercise (plasma volume change was minimal) and ηp increased slightly at the 303 end of exercise before returning to baseline during the recovery. Therefore, the decrease in ηb 304 in the SCT carriers during the recovery of the HYD condition (-13% from baseline) was 305 related to a decrease in red blood cell rigidity below baseline. This reduction in ηb and red 306 blood cell rigidity might limit the risks for microvascular alterations, which was advanced to explain post-exercise complications in SCT carriers (19, 20) . This novel observation 308 strengthens the findings of Bergeron et al (8) showing beneficial effects of hydration on 309 sickling in two walking SCT carriers. The reduction in red blood cell rigidity in the exercising
310
SCT carriers was unexpected, but it had already been described during a short ramp exercise 311 test (40). As extensively discussed (22, 24, 40) , the increases in oxidative stress (44) 
